Merumite, found as black grains or pebbles in a small stream bed in Guyana, is a complex assemblage of hexagonal eskolaite (predominant), essentially Cr203 ; guyanaite and bracewellite, both orthorhombic and essentially CrOOH; grimaldiite, rhombohedral and also essentially CrOOH; and mcconnellite, rhombohedral CrOOCu, isostructural with grimaldiite and invariably intergrown with it. A spinel, chromian gahnite Zn(Al0.TCro.3) 204, chromian pyrophyllite, and free gold are present in very minor amounts. With the merumite is found a cryptocrystalline reddish or gray topaz, apparently found only here in Guyana. Quartz crystals present in merumite are evidently older than the merumite; the pyrophyllite is younger. Merumite is believed to be of hydrothermal origin.
UPPER LEFT: Green eskolaite and red-brown guyanaite. UPPER RIGHT: Banded structure of green eskolaite and yellow to brown guyanaite. The very bright polygonal area is a cross section of a quartz crystal. FRONTISPIECE. Photomicrographs of four merumite thin sections illustrating diversity of the mineral composition and structure and the fineness of grain size. PLATE 1. Photographs of two very large merumite specimens.
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INTRODUCTION AND ACKNOWLEDGMENTS
Merumite was discovered in 1937 in British Guiana (now Guyana) and was described by Bracewell (1946) as a new type of chromium ore, essentially a hydrated chromium oxide, with more than 80 percent Cr203. In 1950, Michael Fleischer, U.S. Geological Survey, suggested to Charles Milton that merumite should receive further study. A preliminary examination of a few available specimens indicated a complex and highly varied composition; only after years of study by many investigators can it be said that the composition of merumite is now known. Field studies of the geology of the occurrence and laboratory investigations in the U.S. Geological Survey and at the George Washington University have clarified its geologic relations and probable origin and established its complex mineralogy. In the field, Sat Narain, Guyana Geological Survey, and Charles Milton, U.S. Geological Survey and George Washington University, have most recently studied the geology, following many previous expeditions of others. In the laboratory, microanalyses of various merumite minerals have been made by Blanche L. Ingram, Joseph I. Dinnin, and Frank Cuttitta, microprobe studies by Edward J.
Dwornik and Harry J. Rose, Jr., and crystallographic X-ray studies by Daniel Appleman, Margaret Hall Appleman, and Edward C. T. Chao. It should therefore be clear that this study of merumite was the work of a group, and no individual could have succeeded in unraveling the merumite enigma without the contributions of his coworkers. We are further indebted for the unfailing counsel of our colleague Michael Fleischer and for the generous assistance of Dr. R. B. McConnell and Dr. Sobharam Singh, formerly of the Guyana Geological Survey. Murray R. Director provided us with several excellent specimens of merumite described in this report. Dr. A. J. Tousimis, of Biodynamics Research Corporation, Rockville, Md., prepared the scanning electron photomicrographs in this report. Richard C. Erd, U.S. Geological Survey, has assisted generously in the task of reviewing the manuscript. Milton and others (1968) referred to the new species gnyanaite, bracewellite, grimaldiite, and mcconnellite; these new mineral names had been previously approved by the Commission on New Minerals and Mineral Names, International Mineralogical Association.
Specimens of the merumite minerals have been deposited with the U.S. National Museum. An account of the geology of the merumite occurrence in Guyana has been published recently (Milton and Narain, 1969) .
MERUMITE NATURE AND OCCURRENCE
Merumite, discovered in 1937 in alluvial gravels in British Guiana, consists of black rounded grains, generally sand sized, although masses several centimetres across have been found; it was first described by Bracewell (1946) as a hydrated oxide of chro-mium with some aluminum. Merumite was considered to be a mineral species until Milton and Chao (1958) reported that eskolaite, Cr2O3, discovered in a Finnish base-metal ore by Kouvo and Vuorelainen (1958) , was a major constituent, along with other unidentified chromium minerals. From the present study, merumite is known to contain at least seven chromium minerals, only three of which, eskolaite, guyanaite, and chromian pyrophyllite, have been found elsewhere in the world (but only in two localities). Except for bracewellite, all the chromium compounds discovered in merumite have been made in the laboratory.
Although the term merumite is no longer applicable as a mineral name, it should be retained to designate the complex assemblage of minerals described in this report. Its characteristic appearance and properties easily differentiate it from other hard black opaque substances found in nature. It may be defined as a fine-grained to aphanitic aggregate of (mainly) chromium oxide (eskolaite), three hydrous chromium oxides (guyanaite, bracewellite, and grimaldiite), a copper-chromium oxide (mcconnellite), a chromian zinc aluminum spinel (chromian gahnite), with quartz, gold, and chromian pyrophyllite; all of these may not be present in all specimens.
Merumite has a very characteristic appearance, and once seen, it is not likely to be mistaken. Its specific gravity (about 4.5), hardness (about 5 to 9), shining black color, rounded contours (often seen on specimens which appear to be fragments of larger masses), imprint of prismatic quartz crystals (which rarely may still be embedded in merumite), and generally green (rarely brown) streak are all diagnostic.
Plate 1 shows the exterior and sawed interior surfaces of two unusually large specimens of merumite. The botryoidal exterior and quartz crystal inclusions (see also pi. 3, fig. 1 ) are characteristic. Granular aggregates of grimaldiite-mcconnellite polycrystals can also be seen in plate 1, figure 4, as dark mottled areas, less than 1 cm across, near the center of the specimen.
The presence in merumite of free gold, pyrophyllite rosettes, and doubly terminated quartz crystals suggests that merumite was formed in a hydrother: mal type of deposit. None of the minerals associated with merumite in the placer gravels contains chromium, and only the coarse euhedral quartz, pyrophyllite, and possibly jasper and unusual types of topaz found with, but not in, merumite, may be genetically related. The hydrothermal merumite, carrying pyrophyllite and gold, and perhaps the topaz may have been deposited in the easily decomposed Roraima(?) sandstone-ash series, of which Robello Ridge may be an outlier and which may have since disappeared by erosion; the resistant merumite and topaz became concentrated, eventually, in Director Creek.1 Large beds of volcanic ash, more or less silicified and carrying euhedral quartz and jasper, are contiguous to the merumite placer gravels, but have no known chromium mineralization.
Merumite is found most abundantly in the upper branches of Director Creek, a small tributary of the Merume River which in turn flows into the Mazaruni River ( fig. 1 ). The nearest inhabited place is Kamakusa, a government rest house and hydroplane stop on the Mazaruni River, about long 60° W., lat 6° N. The merumite area is about 16 km (10 miles) southwest of Kamakusa but, because of the windings of the rivers, the trip takes several hours by motorboat. The Merume River is generally navigable by small boats up to the First Falls, except in periods of very low water or of very high water when the current is dangerously swift. The location of the merumite deposit in the Merume River valley is shown in figure 2 .
The largest concentration of merumite is in a strip 3.0-4.5 m (10-15 feet) wide and about 3 km (2 miles) long at the base of Robello Ridge 2, which consists of Roraima-like sandstones, conglomerates, and volcanic ash, with dips of 30° to the east ( fig.  3) . Shale, jaspilite, quartzite, and tuff of the Haimaraka Formation are exposed in the river to the west of the ridge. To the east of Robello Ridge, a large area of agglomerate was reported by Matthews3. Ten to eleven kilometres (6-7 miles) west, dolerite (diabase) intrudes the scarp-forming Roraima Formation.
The merumite deposit is in low-lying swampy and forested terrain, about 80 m (260 feet) above sea level; sand terraces (White Sand Formation) rise some 15 m (50 feet) higher. A few miles to the east, west, and south are scarps of the Roraima Formation with extensive talus slopes; the scarps reach altitudes of 915 m (3,000 feet) above sea level. The Merume River and its major tributaries rise on the Pakaraima Plateau above the escarpment. Below the First Falls, the river flows through a swampy forested plain before joining the Mazaruni River. Eight kilometres (5 miles) north of the escarpment, and immediately above First Falls, the Merume River runs northwards along the western side of Robello Ridge, which rises about 92 m (300 feet) above the river. In addition to the major concentration at the base of Robello Ridge, a small amount of merumite was found at the edge of a White Sand plateau near the point where Gordon Creek joins the Merume River. Gordon Creek itself was prospected, and a few pieces were found on the right bank, approximately 0.8 km (0.5 mile) and 1.6 km (1.0 mile) upstream from its mouth. A few pieces were found in Copper Creek, which flows into the Merume River a short distance above Third Falls. Merumite was also found in many of the small creeks flowing along the east side of Robello Ridge for a distance of 2.4 km (1.5 'miles). Merumite has been reported in the Merume River, immediately above White Creek, in a diamondiferous gravel overlain by 1. 8-2.4 m (6-8 feet) of alluvial sand.
Merumite is recovered from the gravels by the same methods used in recovering alluvial diamonds and gold. Dredging, with or without suction, is feasible in the river gravels. Where the merumite gravels underlie forest growth, as at the base of Robello Ridge, arduous clearing of the trees and matted roots is necessary. The gravel is washed in Brazilian sieves (%-, 14-, and i/8-inch mesh), and the merumite is picked off the two coarser sieves. The fine concentrate on the ^-inch-mesh sieve is set aside for washing on a steel batelle. Rarely, small dia- monds or gold nuggets have been found on the batelle. The general recovery of merumite from the Robello Ridge gravels is about 110 g/m3. The depth to the merumite-bearing gravel varies from 20-46 cm (8 to 18 inches) and the thickness of the gravel from 15-30 cm (6 to 12 inches). The gravel consists essentially of quartz crystals and milky quartz, with red jaspilite, a little topaz (of an unusual chertlike type) and brown rutile crystals with other minerals, described below, and water-worn fragments of white or pink sandstone and volcanic ash in a red clayey sand. The clayey sand, quartz, and jaspilite are derived from the sandstone of Robello Ridge. Rounded pebbles of basaltic rock and dark pebbles of a widespread quartz-tourmaline hornfels ("carbon") are found with the merumite and are a possible source of confusion to the inexperienced prospector. The small rutile crystals are sometimes termed "tin" by the miners, but the presence of cassiterite is very doubtful. Gorceixite has been reported, but actually it may have been topaz. However, cassiterite and gorceixite do occur elsewhere in Guyana.
The fact that the occurrence of merumite is limited to the small area shown on the maps implies a local origin, and the relative concentration along the base of Robello Ridge indicates that the rocks of the ridge may have a genetic relationship to merumite. The ridge rocks show mild hydro thermal metamorphism, the sandstones containing euhedral quartz crystals in vugs, similar to those found with the merumite. The ash beds are locally silicified, having bands of red jaspilite also similar to the pebbles found with merumite.
The generally rounded, often polished, shapes in which merumite is found suggests mechanical attrition and thus a history of travel. No pyrophyllite or gold has been seen on the surface of any specimen of merumite; even quartz is usually completely removed. Nevertheless, the distance of travel cannot have been great because merumite is found only in a limited area, and because the largest known specimens weigh many ounces. Even so, the apparent attrition seems hard to reconcile with the considerable hardness of merumite, or at least of eskolaite, one of the major components. Likewise, the appearance of fracturing is not easy to explain for material as hard and tough as most merumite. Perhaps the merumite was both softer and more easily broken when first formed than it is now, and hardness and toughness result from recrystallization or possibly weathering.
The statement of Ramdohr (1960, p. 870 ) that merumite is certainly a weathering product of chromite cannot be verified. He observed that its genesis is obscure, but our observations strongly imply a hydrothermal origin. No chromite is known in the Merume River valley. Ramdohr further (p. 884) noted with surprise ("iiberraschend") the report by Milton and Chao (1958) of the occurrence of eskolaite in merumite, as he (erroneously, in our opinion) views merumite as a weathering product of chromite (p. 870). Recently (written commun., July 3, 1968 ) he refers to eskolaite as "by far the most important component of merumite." While this may be true for the particular specimen or specimens which he examined, guyanaite appears to be at least equally abundant generally. Ramdohr (1969) referred to merumite only to note that it has been reported to contain eskolaite (p. 945). The eskolaite, from the Outokumpu Mine in Finland is described in detail; no reference to the other merumite minerals is made.
A detailed report on the history and geology of merumite (Milton .and Narain, 1969) summarizes the work of many geologists in Guyana.
Vuorelainen and others (1968) described guyanaite (but did not name it) from the Outokumpu mine in Finland as an alteration product of eskolaite; both are found in sulfide-rich apophyses of the main ore body which occur in skarn-bearing quartzite dikes emplaced after strong tectonic movements. Besides sulfides and eskolaite with guyanaite, zincian chromite, rutile, uraninite, nolanite, corundum, titanite, zircon, and graphite are present in the ore body. Fuchsite (chromian muscovite) coats some eskolaite guyanaite crystals. From the description by Vuorelainen and others (1968) , it appears that the eskolaite-guyanaite alteration is hydrothermal, and not a weathering product. Although eskolaite with guyanaite is found in the Outokumpu deposit, nothing like merumite is known from there.
PREVIOUS STUDIES
After the initial recognition of merumite by Bracewell (1946) , scattered and fragmental data appeared, most of them erroneous to some extent. They are noted and commented upon in appropriate places in this report. The reason for the invalidity of earlier studies was nonrecognition of the complexity and diversity of all merumite specimens, their superficial similarity notwithstanding. In this study, many hundreds of specimens have been examined. Two areas in which little work has been done are the microscopic petrography of merumite in thin and polished sections and the physical chem-istry, particularly phase relations, of its constituent minerals.
CHEMISTRY

OLDER ANALYSES
Two published analyses (Bracewell, 1946) and one unpublished analysis (made in 1956-57) of merumite are given in table 1. The first two were of specimens with green and brown streaks respectively, which could indicate either variation in mineral content or the (recognized later) variability in color of guyanaite. Without mineralogical data, the value of these analyses is limited; nevertheless, they do show the typical and restricted range in composition of what may be presumed to be average samples.
RECENT ANALYSES
Analyses made by the U.S. Geological Survey include a merumite containing 37 percent eskolaite and 63 percent guyanaite (table 2) and one containing 70 percent bracewellite and 30 percent eskolaite (tables 10 and 11) ; these analyses include spectrographic data. Table 2 also includes spectrographic data for a merumite containing more guyanaite than eskolaite (analysis D), and, for comparison, the analysis of eskolaite from Finland (Kouvo and Vuorelainen, 1958 is not likely that any further analyses will be made of merumite, now that it is known to be a mixture of many minerals. The role of A1203, Fe203, Ti02, Mn203, and V203, which generally appear in the chemical analyses of merumite and its constituent minerals, is one of general partial substitution for the dominant O203. There are indeed, as will be seen, specific minerals characterized by major A1203 : chromian pyrophyllite, chromian gahnite, and topaz. However the first and second are of sporadic and quantitatively negligible occurrence in merumite, and the third accompanies but has never been found in merumite. Chemical analyses of merumite and of the constituent oxide-hydroxide minerals were all made on material apparently free from these three Al203-containing minerals. Svec and others (1962) studied the relative abundance of the chromium isotopes Cr50, Cr52, Cr53, and Cr"54 in a large number of terrestrial and meteoritic chromium minerals, including a sample of merumite, and found no evidence of any significant isotopic variation in any of their specimens.
ISOTOPIC STUDY
X-RAY POWDER DATA
Because merumite is a mixture (although, rarely, almost monomineralic), X-ray powder patterns are basically composites to be resolved as patterns of the component minerals.
Unless otherwise noted, the X-ray powder diffraction patterns of this report were obtained on a standard 114.6 mm. camera, using Ni-filtered Cu radiation. Since the objectives of this report are primarily the identification of unknown phases present, rather than precise measurements of known phases, methods of obtaining high precision, (for example, internal standards) were not used. For similar reasons, letter scales, such as vs, s, w, and so forth, rather than numerical values which imply high precision, were used in the tables. Table 4 gives powder patterns for merumite (eskolaite 37 percent, guyanaite 63 percent), for merumite approaching eskolaite in composition, for guyanaite from Guyana (four strongest lines only), for eskolaite from Finland, and for Cr203. Table 9 gives powder patterns of two merumites which are almost wholly guyanaite (although one has a little eskolaite and quartz), of pure guyanaite crystals from Guyana and Finland, and of synthetic guyanaite. 2 Analyst, J. I. Dinnin, U.S. Geological Survey. Sample massive, black; X-ray film 16827 (table 4). Water and ignition loss were determined by ignition of a 100-mg sample in a microcombustion tube swept with argon; the increase in weight of an absorption tube packed with Anhydrone represented the water content of the sample and the loss in weight of a cromum y oxaon w ammonum persuaesilver, reduction with ferrous ammonium sulfate, and titration with potassium dichromate solution. A 50-mg sample was dissolved in perchloric acid, electrolyzed in a mercury cathode apparatus, and diluted with water. An aliquot was used for the determination of calcium by flame photometry.
For discussion of the low summation, see section on thermal behavior of synthetic guyanaite. Computation of mineral composition of this merumite varies with unknown factors, such as the true percentage of HaO and the distribution of AbOa, and so forth, between eskolaite and guyanaite. With 6.8 percent H»O (the maximum derived from 89.2 percent CraOs and 4.0 percent AkOa, and so forth) and all AbOa, and so forth, in guyanaite, a composition of 38 percent eskolaite and 62 percent guyanaite follows; and with all AhOa, and so forth, in eskolaite, 36 and 64 percent respectively; the mean is then eskolaite 37 and guyanaite 63 percent. Table 13 gives patterns of two merumite samples, both almost wholly bracewellite but having a little guyanaite.
PETROGRAPHY
Efforts over many years to prepare standard thin sections of merumite were invariably unsuccessful, because the intense absorption of most of the merumite minerals necessitated unusually thin sections to transmit light, but the almost invariable presence of the very hard eskolaite (H = 9.5) associated with the much softer minerals made such thin sections 
Wc-ight sample (in mg)
1.98 __ ____________ __ 2.47 __ ___ _ __________________ __ ___----__89.4 2.47 ___-__-___--_ __-____-------_----__ __89.2 4 Spectrographic analysis by Helen Worthing, U.S. Geological Survey. As to the reliability of the determinations, results are reported in percent to the nearest number in the series 1, 0.7. 0.5, 0.3, 0.2, 0.15, 0.1, and so forth, which represent approximate midpoints of interval data on a geometric scale. The assigned interval for semiquantitative results will include the quantitative value about 30 percent of the time.
5 Spectrographic analysis by K. J. Murata, U.S. Geological Survey. X-ray film 4864. This was a different sample from the one later analyzed by Dinnin, Rose and Cuttitta, and Worthing (A, B, and C, respectively) and was -analyzed to identify a (then) new and strange X-ray powder pattern.
"Analyst, Jorma Kinnunen, in Kouvo and Vuorelainen (1958) who gave the formula, Cri.nnVo.niFei.mO.i.
7 Based on spectrographic analysis. 8 Spectrographic analysis also showed traces of Cu and Ni.
impossible to prepare. However, the edges of a few sections were sufficiently translucent to reveal some textural and mineralogical detail, but, even then, very intense illumination, painful to the eye, was required. Since those earlier attempts, however, modern methods using diamond abrasives and suitable polishing agents have produced good, sufficiently thin, sections as well as polished surfaces for study in reflected light. The frontispiece shows the appearance of some specimens of merumite under transmitted light. Although merumite consists of a small number of min- erals, their relative amounts, crystal habits, and relationships to one another vary greatly from specimen to specimen, and almost every thin section shows some features of special interest. None of the minerals of merumite shows alteration or weathering, although the merumite itself is characteristically rounded.
ESKOLAITE OCCURRENCE IN FINLAND AND GUYANA, AND (POSSIBLY) SIBERIA
Eskolaite, essentially Cr203, was discovered by Kouvo and Vuorelainen (1958) in a base-metal skarn in the Outokumpu mine, Finland, and by Milton and Chao (1958) in merumite in Guyana. The parageneses of the two occurrences of eskolaite are completely different. In Outokumpu, well-crystallized eskolaite is a very minor constituent in the varied rocks and ore, but in Guyana, it is a major constituent of merumite. No good crystals of eskolaite have been seen in merumite, only massive aggregates which rarely show obscure crystal faces on botryoidal surfaces in vugs (pi. 2, fig. 1 ). In thin sections, zoning of the eskolaite is seen locally in bands varying from green to nearly black (pi. 2, fig. 2 ).
Such aggregate of eskolaite may (not commonly, however) be fairly free from admixed minerals, so that the X-ray powder pattern shows only eskolaite lines. One such pattern is given in table 4 (second analysis) with, for comparison, patterns of eskolaite from Finland (fourth analysis), and of Cr203 (fifth analysis). The same table also gives (first anal- ysis) the pattern of a merumite specimen which is mainly (37 percent) eskolaite. The occurrence of eskolaite in Guyana is described in the section on "Nature and occurrence," of merumite. The Outokumpu mine in Finland is worked for its copper content, estimated to be about a million tons, but seven times as much chromium is present in serpentine and skarn rocks. Eskolaite, in large black (very dark green in transmitted light) prismatic to platy euhedral crystals, is found in the mine in several associations summarized by Kouvo and Vuorelainen (1958, p. 1100) as follows:
1. Chromium-bearing tremolite, skarn, rich in calcite, from contact with ore. Mineral habit: long hexagonal prisms (up to 5 mm). Associated minerals: pyrrhotite, pentlandite, chalcopyrite, chromium-bearing tremolite, uvarovite, tawmawite, calcite, and talc. 2. Quartzite from the foot wall of the ore. The specimen is from a cavity in a vein of milky quartz. Mineral habit: long prismatic (up to 1.5 mm). Associated minerals: uvarovite, chromium-bearing tremolite, calcite, and pyrite (pentagonal dodecahedron). 3. Veins of pyrrhotite. Mineral habit: platy (up to 6-7 mm).
Associated minerals: pyrrhotite, chromium-bearing tremolite, and chromium tourmaline. In some cases the mineral occurs as thin sheets on the surface of quartz. 4. Skarn ore rich in pyrrhotite. Mineral habit: short prismatic. Associated minerals: chromium-bearing tremolite, uvarovite, chromium tourmaline, chromium spinel, pyrrhotite, pyrite (octahedron), and chalcopyrite. 5. Chlorite seams. Mineral habit: thin platy. Associated minerals: chlorite, pyrite, chalcopyrite, pyrrhotite, and chromium spinel. The mineral has not been found to occur with chromium diopside.
The "chromium spinel" is chromite of very unusual composition, containing 5.8 percent zinc (Thayer and others, 1964) .
The association in Finland of eskolaite with copper and zinc sulfides and zincian chromite may be compared with the presence in merumite of copper (in mcconnellite) and zinc (in chromian gahnite). Ramdohr (1960, p. 332) suggested that an unidentified extremely hard mineral found in native platinum from Nizhne Tagilsk, Ural Mountains, Siberia, may be eskolaite. Ramdohr (1969, p. 944-945) gives a detailed account of (Finnish) eskolaite, and suggests that fine unmixing products in chremite or chromium spinel may be eskolaite rather than, as generally held, hematite.
CHEMISTRY
Unlike the eskolaite from Finland, pure eskolaite from Guyana has never been found in crystals large enough even for microanalysis. Single crystals of guyanaite and other merumite minerals, except eskolaite, are found only in rare microscopic vugs or fissures in merumite. Before it was realized that merumite is a complex assemblage of minerals, numerous analyses were made (prior to 1950) under the mistaken idea that a single definite mineral was being analyzed. More recently, however, aware from optical and X-ray study that we were dealing with relatively simple mixtures, we have made further analyses of merumite, because microanalytical procedures for such small quantities of pure minerals were not known and experimentation on the few milligrams of isolated pure minerals obtained laboriously through months or years of toil would have been hazardous, if not reckless. However, on samples of several hundred milligrams of known complex composition (as determined by X-ray and optical studies) experimentation was permissible, and valid analytical methods were worked out which were later applied to microquantities of the handpicked pure crystals.
The Finnish eskolaite (table 2, analysis E) is 94 percent Cr2O: ! ; almost all of the remaining 6 percent is V2On of very similar molecular weight. The Guyana eskolaite, however, may vary from almost wholly Cr2 O3 with very minor A12O3 (table 2, analysis A) in a specimen with guyanaite to a theoretical composition with more A12O3 + Fe2O3 ((Cr0. 25 Fe0. 44 Alo. 29 Tio.oo Vo.o2 )2O3 ; see table 10) than Cr2O3 in a specimen with major (70 percent) bracewellite.
Spectrographic analysis of a merumite specimen with more (according to the X-ray powder pattern) guyanaite than eskolaite and, for comparison, the analysis (not spectrographic) of the Finnish eskolaite are given in table 2. The Finnish eskolaite has a reported density of 5.218 (powder data) or 5.20 (single-crystal data) ; pure Cr2O3 has a density of 5.25 (Kouvo and Vuorelainen, 1958, (table 5) by heating CrO2 in water at 450°C under a total pressure of 40,000 lb/in2 Christensen (1966) , using their material, determined the crystal structure. Table 5 gives the cell constants for guyanaite from Guyana and Finland and, for comparison, the constants for the synthetic compounds CrOOH (Tombs and others, 1964; Christensen, 1966) , ScOOH , and InOOH (Christensen and others, 1964) . Until Chenavas and others (1973) , reported synthesis of isostructural Fe, Ni, V, and Rh oxyhydroxides, these three were the only substances known to be isostructural with guyanaite (table 24) .
Guyanaite is named for Guyana, the country in which the mineral was first found.
Guyanaite, whose identification rests primarily on X-ray powder and chemical data, eskolaite, and perhaps bracewellite are the major components of merumite. In thin sections of merumite, the vivid green eskolaite contrasts with the brown and red (but sometimes green) guyanaite and the darker brown bracewellite, but it is hardly possible to isolate such intergrown minerals. However, in tiny vugs, prismatic brown pleochroic crystals of guyanaite as much as 0.1 mm long can be isolated (pi. 2, fig. 4 ). By inspection of a large number of merumite grains, some specimens can be found which have a definitely yellow-brown streak and a sensibly uniform texture and which, by their powder patterns, are almost wholly a massive single-phase guyanaite (pi. 2, fig. 3 ). Christensen, 1966 . Christensen and others, 1964 Besides the dark-reddish-brown guyanaite, a light-green to greenish-black variety is occasionally found. This variety forms prismatic microcrystalline aggregates, and such a specimen was described under the name of merumite by Berry and Thompson (1962) . The compound synthesized by Tombs and others (1964) is described as olive green and light-yellowish-green in transmitted light, with n~1.9. Green powdery rounded aggregates as much as 1.0 or 2.0 mm in size and the black merumite in which the aggregates are found both have a green powder and give good X-ray powder patterns of guyanaite.
Concerning the color variation in guyanaite, Alario Franco and Sing (1972) note that the "color of such materials [guyanaite, grimaldiite, and y-CrOOH] may be deceptive * * * because it is influenced by the change of particle size and (or) the presence at the surface of chromium in different oxidation states." H. F. W. Taylor and R. Edge, University of Aberdeen (written commun., 1967), studied a specimen consisting "essentially of guyanaite and esokolaite, with a little quartz, ferromagnetic spinel (magnetite?) and an ill-crystalline flaky mineral * * * pyrophyllite." A "pinkish mineral" in cavities associated with quartz was probably grimaldiite-mcconnellite. They also studied the specimen's thermal behavior, as noted below.
Vuorelainen and others (1968) reported a hydrated oxide of chromium as a new but unnamed mineral from the Outokumpu mine in Finland; their description leaves no doubt that it is guyanaite. The mineral occurs as aggregates of golden-brown to greenish-brown fibers which syntactically replace smaller crystals (less than 1.0 mm in size) of eskolaite.
CHEMISTRY ANALYSES Table 6 gives a microchemical analysis (37 mg) of guyanaite crystals from Guyana and the analysis of guyanaite from Finland by Vuorelainen and others (1968) . An analysis of merumite consisting of about two-thirds guyanaite and one-third eskolaite is given in table 2 (analyses A^C).
Guyanaites from both Guyana and Finland would appear from the respective analyses to have com-positions closer to 2Cr203 -3H20, as proposed by Vuorelainen and others (1968) , than to Cr203 -H20, which is known to be correct on the basis of the single-crystal X-ray data. The reason for this difference may be explained by the behavior of CrOOH (guyanaite) when heated. Tombs and others (1964) found that on heating their synthetic orthorhombic CrOOH (Cr203 -H20) converted to Cr203 in two stages as follows :
at about 335°C
Cr203 -H20-»Cr204 at about 1,000° C 2Cr204 -»2Cr203 and, more recently, Alario Franco and Sing (1972) report the reversible reaction
CrOOH
Air (480°), 02 (400°) (guyanaite) H2 (330°) "
and the irreversible reaction :
Cr02 at 1 am 2Cr02 + H2 (605°) Cr203 + H20 (atlatm). Thus, in a Penfield determination of H20+ in guyanaite, there is a loss of hydrogen initially with formation of Cr02 instead of simple dehydration with formation of Cr203. If this hydrogen is lost, then Cr02 may remain unreduced to Cr203 and the H20 weighed may represent less than the whole H20 in Cr203 -H20 (CrOOH) ; thus the (erroneous) apparent ratio 2Cr203 -3H20 may arise. In the analysis (table 6) only 8.7 percent H20 was found, whereas 14.3 percent is required for a formula ROOH.
The determination of loss on ignition should give a correct figure for water, provided that all the Cr204 is completely converted to Cr203 on ignition; if not, then the loss on ignition would also be less than the true water content.
If the .analysis of merumite from Guyana (table 2, analysis A) is recomputed on such a basis, that is, if the ignition figure 3.5 percent represents the true H20 content rather than the Penfield determination of 2.3 percent, the composition of the merumite sample ( If the X-ray fluorescence determination of Cr203, 89.2 percent (table 2, analysis B), is used, and the 1.2 percent of spectrographic constituents is added, this, along with 0.1 percent CaO, 3.5 percent H20, and 3.1 percent A1203, raises the summation of the analysis to 97.1 percent.
THERMAL BEHAVIOR
The findings of Tombs and others (1964) and of Alario Franco and Sing (1972) as to the behavior of orthorhombic CrOOH (guyanaite) on heating were verified experimentally using a merumite 3 Vuorelainen and others (1968) 4 Attempt to determine the oxidation state of chromium chemically failed. The sample was very difficult to get into solution. It was not possible to determine the amount of oxidant that reacted with the sample.
5 Aluminum was determined colorimetrically by use of alizarin red S after chromium was volatilized as chromyl chloride.
6 The residue from the water leach of the fusion melt was dissolved in HC1O4, and the iron was determined colorimetrically on an aliquot using 1, 10-phenanthroline.
T Titanium was determined colorimetrically on an aliquot of the residue solution using the Tiron procedure.
8 The manganese in an aliquot of the residue solution was oxidized to permanganate and the color measured.
9 A 12 mg sample was dried at 110°C. There was no measurable loss at 110°C. The sample was then used to determine water by the Penfleld method.
sample consisting largely of guyanaite (X-ray film 00188). When heated to 335°C, the sample gave the powder pattern of Cr02 formed by heating CrOOH (Thamer and others, 1957) (table 7) . On heating to 1,020 °C, a pattern closely resembling that of the Finnish eskolaite was obtained (table 8) . H. F. W. Taylor and R. Edge (written commun., 1967) confirmed that guyanaite (in merumite) ground to 300 mesh and heated in air to 335°C changes at least partially to Cr02. They suggest that the change involves migration of protons and electrons to the surface, as in the formation of oxyamphiboles, with no major structural change when guyanaite changes to Cr02.
Alario Franco and Sing (1972) discuss these reactions in further detail. They note the close structural similarity of the orthorhombic unit cell of CrOOH (guyanaite structure) and the tetragonal unit cell of Cr02 (rutile type) and observe that, "The introduction of H atoms into the rutile Cr02 structure allows the formation of hydrogen bonds between the Cr06 octahedra in one plane, i.e. between central octahedra and corner octahedra, but the overall crystalline structure is only slightly deformed as indicated by the values of the unit-cell parameters. On the other hand, the rhombohedral corundum structure of a-Cr203 is much more compact (G = 5.21 g cm-3 vs. 4.0 g cm-3 for Cr02 ) so that hydrogen atoms are not able to force an entry into the lattice and therefore Cr203 cannot be converted into CrOOH." X-RAY POWDER DATA Table 9 gives X-ray powder data of the natural brown guyanaite crystals, of the natural greenishblack massive merumite material, of Berry and Thompson's (1962) "merumite", all three substances from Guyana, of guyanaite from Finland (Vuorelainen and others, 1968) , and of synthetic CrOOH (Tombs and others, 1964; Christensen, 1966) .
Indexed X-ray powder diffraction patterns show guyanaite to be orthorhombic, space group Pnnm, a = 4.857 A, 6 = 4.295 A, c = 2.958 A, Z = 2, in close agreement with the data of Tombs and others (1964) and of Christensen (1966) .
BRACEWELLITE, CrOOH
OCCURRENCE AND IDENTIFICATION
Minute deep-red to black prismatic crystals of bracewellite having terminal faces line microscopic Table  13 gives powder data for two merumite specimens one (X-ray film 16775), the specimen from which the cell constants of bracewellite were computed, is a massive bracewellite having minor guyanaite, and the other (X-ray film 16761), which was chemically analyzed (table 10; not enough of the first sample was available for analysis) is a merumite having bracewellite, eskolaite, and minor guyanaite. Table  13 also gives powder data for crystals of bracewellite, for goethite (with which bracewellite is isostructural), and for (Guyana) eskolaite. X-ray single-crystal study, as well as a least squares refinement of the powder pattern of massive bracewellite (given in Bracewellite and guyanaite are superficially much alike, and their powder patterns have a slight resemblance. Bracewellite, however, is a darker reddish brown (almost black) than guyanaite, and the powders of the two minerals are respectively dark brown (almost black) and yellowish brown. Typical crystals of bracewellite are illustrated in plate 4, figure 1.
Bracewellite has been named after Smith Bracewell, formerly director of the British Guiana Geological Survey, who first described merumite.
CHEMISTRY
ANALYSIS
Chemical and spectrographic analyses of a merumite specimen with major bracewellite and minor eskolaite are given in tables 10 and 11. 2 Chromium: A sample was decomposed by digestion with fuming per ch'oric acid, diluted with water, oxidized with permanganate the excess of which was reduced with hydrochloric acid. Dichromate was reduced with ferrous ammonium sulfate, and titrated with a standard solution of dichromate.
3 Iron: (A) Sample was decomposed by digestion with fuming mixture of sulfuric and phosphoric acids, diluted with water, passed through a silver reductor, and titrated with standardized dichromate. (B) Sample was decomposed by digestion with fuming perchloric acid and treated as above.
4 H2O and ignition loss: A sample in a quartz boat was ignited at 900°C in an argon atmosphere, water being swept through an ignition tube and caught in an Anhydrone absorption tube. The weight of the quartz beat before and after ignition represents the ignition loss of the sample. The quartz boat was then ignited at 1,000°C in an oxygen atmosphere. The residue from the ignition was used for the determination of iron. A weighed portion of the ignited sample was digested with fuming perchloric acid, diluted with water and electrolyzed on a mercury cathode to remove chromium and iron. The solution was then diluted to volume, and aliquots used for the following determinations: Al: Alizarin Red S colorimetric procedure. Ti: Tiron colorimetric procedure. V: Phosphotungstomolybdate colormetric procedure. There is an indication, as seen in table 13 (where the strongest line of guyanaite, G, appears as weak in tiie X-ray pattern) that a small amount of guyanaite may be present with major bracewellite and eskolaite. It has been disregarded in the following computations.
The analyses in table 10 can be used in two ways, both of which are unlikely extremes, to compute the composition (and density) of the bracewellite (and eskolaite); the values representing the true compositions are somewhere in between the computer values. The first method would be to assume that all of the H2O is combined with Cr2O3, giving Cr2O3 -H2O and (Cr,Fe,Al,Ti,V) 2O3. The second method would be to assume that all of the H2O is combined with all of the minor oxides, plus some Cr2O3 ; this gives (Cr,Fe,Al,Ti,V) 203 -H2O + Cr2O3. The two computations follow: Since both mean values are equally acceptable, their average, 4.23 may be taken as the specific gravity of the bracewellite in the analysed sample, and 4.16 as the specific gravity of bracewellite-structure CrOOH.
ELECTRON PROBE STUDY
Results of an electron probe study of seven crystals of bracewellite and two fragments of merumite are given in table 12. Seven elongate crystals (60-200 fj. long) were mounted in epoxy resin and polished; the crystals were prepared in this manner to minimize effects of geometry on X-ray intensities. Two larger fragments of merumite (0.5 mm), from which the individual bracewellite crystals were picked, were 'similarly prepared for analysis.
Twelve different crystals of bracewellite were dispersed on the surface of a polished beryllium block and were scanned qualitatively for Pe, Al, and Cr. Seven of the 12 crystals showed Fe present as a major constituent, Al significantly above background, and Cr, of course, a major constituent. In 6 of the 7 crystals, raw intensities for Cr decreased in the presence of significant Fe.
Although the results are obviously imprecise, they do indicate that bracewellite varies rather widely in iron content (1-12 percent Fe203 ) and, to a lesser degree, in alumina (2-5 percent A1203 ). 
X-RAY POWDER DATA
In table 13, X-ray powder data for three samples of bracewellite are compared with those for isostructural goethite and eskolaite. It is evident from the X-ray data in the second column that the specimen analyzed in tables 10 and 11 contained, along with bracewellite, considerable eskolaite and very minor guyanaite. 
GRIMALDIITE CrOOH and MCCONNELLITE CrOOCu
OCCURRENCE
Well developed tabular deep-red rhombohedral crystals as much as 1 mm in size and having perfect cleavage, found in vugs in the merumite, proved to be inseparable intergrowths (polycrystals) of two isostructural phases, CrOOH and CrOOCu, both rhombohedral. Their identification has been possible because of the close correspondence of their chemical and X-ray data with those of the synthetic substances. These phases have been named grimaldiite and mcconnellite, respectively, for Dr. F. S. Grimaldi of the U. S. Geological Survey and for Dr. R. B. McConnell, former Director of the British Guiana Geological Survey.
A typical mode of occurrence is illustrated in plate 1, figure 4 , a sawed face of merumite, and in plate 3, figure 1. Small granular aggregates of pink grimaldiite-mcconnellite fill vugs (frontispiece, lower left). The aggregates themselves consist of more or less euhedral single crystals such as those shown in plate 5, figure 1.
Only very rarely has pure natural rhombohedral CrOOH been observed as clear deep-red fragments of microscopic crystals broken in the crushing of specimens of merumite for study; these fragments have been sufficient for single-crystal X-ray study but not for chemical analysis. Almost all known grimaldiite occurs as well-developed tabular rhombohedral crystals which are intergrowths of grimaldiite and the isostructural mcconnellite. These composite crystals are characteristically turbid, translucent rather than clear, and vary as to X-ray powder pattern and optical character according to the relative amounts of the two substances forming the aggregate. Chemical analyses have also, necessarily, been made on such composite crystals. Nevertheless, the two minerals can be clearly resolved 18 MERUMITE A COMPLEX ASSEMBLAGE OP CHROMIUM MINERALS PROM GUYANA with the electron probe, and their distribution in the crystals has been individually photographed by X-ray fluorescence (pi. 4, fig. 2 ).
PHYSICAL PROPERTIES
The physical properties refractive indices and density vary from one polycrystal to another, as is shown by the natural crystals. As the electronprobe photographs indicate, consistent optical measurements cannot be obtained.
The available optical data for (synthetic) hexagonal CrOOH are e = 1.975, « = 2.155 (measured in sodium light), giving a geometric mean of 2.093; the mean refractive index from specific refractive energies is 2.1 (Douglass, 1957) . Earlier, a measured refractive index of approximately 2.0 ±0.1 was given by Shafer and Roy (1954) . For the density Douglass (1957) reported 4.11 ±0.03 gcm~3 as a measured value and calculated 4.10 from X-ray data; even earlier, Laubengayer and McCune (1952) reported 4.12 gem-3 (measured value) . No optical data were reported for CrOOH (mcconnellite), but Ys (2 w + e) can be calculated as 2.29 by the Gladstone-Dale formula, using the measured density 5.49 gem-3 (calculated, 5.609 gem-3 ) of Dannhauser and Vaughan (1955) . Stroupe (1949) gave a "rough" density of 7.0 gem-3.
Accordingly, for the natural complex grimaldiitemcconnellite crystals, observed refractive indices should range from e of CrOOH (1.975) to the « of CrOOCu (somewhat higher than 2.29), taking into account slight changes which reflect the Al and Fe in the two compounds. However, because of the very irregular distribution of the two compounds in the crystal, it is unlikely that any precise determinations are feasible.
CHEMISTRY
A chemical analysis of a large number of crystals of the grimaldiite-mcconnellite intergrowth and supplementary microspeetrographic data are given in tables 14 and 15. An X-ray pattern (table 16) can be interpreted from our knowledge of the X-ray crystallography of the synthetic phases; the only ambiguities are the roles of A1203 and Fe203 as substitutions for Cr203 in the two compounds. Depending on this, the crystal 'aggregates in the analyzed sample consist of about 80.5-86.5 percent grimaldiite, the remainder being mostly mcconnellite.
The loss on ignition is presumably low by 0.55 percent because of oxidation of Cu20, and the analysis is adjusted .'accordingly. Tombs and others (1964) found that rhombohedral CrOOH, unlike the orthorhombic form (which is guyanaite), decomposed only partially at 350°C to a mixture of Cr02 and Cr203. The ignition loss, however, should represent all of the water in the grimaldiite (mcconnellite being assumed to have no hydrogen substituting for copper).
The chemical data are consistent with the average relative proportions of CrOOH and CrOOCu shown by electron probe (pi. 4, fig. 2 ). 1 Mieroanalysis (total sample 9.35 mg). The analytical methods used for the microdeterminations were: Cr and Cu by X-ray fluorescence; Si. Al and Fe by spectrophotometry, using1 heteropolymolybdenum blue, alizarin S, and 1, 10-phenanthroline, respectively, as chromogenic agent; and HsQ-and loss on ignition by graviinetry.
Copper is recomputed as CusO, rather than the CuO reported by the analyst. On ignition, the CusO would presumably oxidize to CuO, affecting1 the ignition loss negatively by gain of 0.6 percent of oxygen. The thermal decomposition of rhombohedral CrOOH is discussed in some detail by Tombs and others (1964) ; its behavior is quite different from that of orthorhombic CrOOH. Whereas the latter readily and completely converts to stable CrOa at 350°C, rhombohedral CrOOH at this temperature changes slowly and partially to a mixture of CrO, and CraOs; when the rhombohedral CrOOH is completely changed, there is no reduction of CrOs to CraOs.
The recomputed ignition loss 12.05 percent, is obtained by adding to 11.5 percent the oxygen gain (0.55 percent) of Cu2O + O ^2CuO. Both analysis and X-ray pattern (table 16) indicate the presence of quartz (less than 0.5 percent). Because the analyzed material was obtained from a merumite-quartz aggregate, this is not surprising. 
Interpretation of analysis Constituent
ELECTRON-PROBE ANALYSIS
Electron-probe analysis of the polycrystals (pi. 4, fig. 2 ) showed a high chromium content throughout the intergrowth. Parallel to the cleavage, layers having a relatively high copper content alternate with copper-free layers (within the limits of detection). X-ray powder diffraction (table 16) and single-crystal (table 17) studies showed that these polycrystals are composed of both CrOOH (grimaldiite) and CrOOCu (mcconnellite).
Electron-beam scanning images of the two new interlayered mineral phases were prepared to show distribution of copper and chromium within several grains. The individual "books" were prepared by imbedding the grains in epoxy, orienting them so that the electron beam would be scanning at a slight angle to the basal cleavage plane, or, essentially, so that the beam would be "looking at the edge." Several grains show alternating Cu-Cr and Cr layers. On other grains, copper was detectable only on the outer edges of the layers on which it appeared.
H. T. Evans, Jr. (oral commun., 1966) noted that in the isostructural grimaldiite and mcconnellite, the CrO2 complex forms layers which are then connected by the cations in this case H+ and Cu+. Interlayer substitution in this respect should take place easily, but the large difference in atomic diameters of H+ and Cu+ interferes. Alternation of layers at the atomic level is possible, however. It may also be noted that the a parameters are almost identical and that the c parameters vary according to the diameter of the cation.
Plate 4, fig. 2 , shows electron-beam scans of the composite grimaldiite-mcconnellite crystals; the distribution of the mcconnellite in a well-defined second phase, not in random distribution, is clearly shown by the fluorescence of the copper.
X-RAY DATA
Single-crystal study of isolated crystals of pure grimaldiite (these are very rare; almost all grimaldiite is intergrown with mcconnellite) showed that it is rhombohedral, space group R3m, with unit cell (in hexagonal setting) a = 2.986±0.009 A, c = 13.40 ±0.04 A, in rhombohedral setting a = 4.787 ± 0.005 A, arh =36.3 ±0.1°, Z = l. Douglass (1957) reported a = 2.984 ±0.003 A, c = 13.40 ±0.01 A for synthetic rhombohedral CrOOH prepared by thermal decomposition of aqueous chromic acid. The strongest X-ray lines of grimaldiite (table 16) are in good agreement with the data of Thamer and others (1957) for the synthetic compound. The strongest X-ray diffraction lines of mcconnellite (table 16) , from a pattern of a mixed crystals of mcconnellite and grimaldiite, agree closely with the data of Stroupe (1949) for synthetic CrOOCu prepared by thermal decomposition of precipitated copper ammonium chromate.
Unit-cell dimensions from least squares refinement of indexed X-ray powder-diffraction data for mcconnellite are in good agreement with those obtained by Dannhauser and Vaughan (1955) , who showed that CrOOCu is rhombohedral and determined the crystal structure. The crystal structures determined by Douglass (1957) and by Dannhauser and Vaughan (1955) show that grimaldiite and mcconnellite are isostructural, so their oriented intergrowth is understandable. Strunz (1970, p. 175 ) groups mcconnellite and delafossite with AlOOCu and GaOOCu as oxides and (p. 218) groups grimaldiite and heterogenite as hydroxides.
From the d-spacings of film 16794 (table 16) , the cell constants of both grimaldiite and mcconnellite were obtained and are given in table 17. With these are shown the similar cell constants for other isotypic minerals and synthetic compounds.
PREVIOUS SYNTHESES OF RHOMBOHEDRAL
CrOOH AND CrOOCu Laubengayer and McCune (1952) prepared rhombohedral CrOOH hydrothermally at 145°C, and Shafer and Roy (1954) cite Simon and others (1930) as having first prepared crystalline chromium oxyhydroxide hydrothermally at 200°C and 15 atm. Shafer and Roy (1954) prepared crystalline CrOOH from a gel at 230°C and 4 atm for 322 hr. Thamer and others (1957) synthesized rhombohedral CrOOH by heating aqueous chromic acid in sulfuric acid solutions to 300°-325°C; they gave comprehensive data on its morphology, physical properties, and X-ray powder pattern (table 16) . Douglass (1957) determined the structure of rhombohedral CrOOH, and L. H. Jones (in Douglass, (table 17) of the two phases have been successfully carried out using Evans and others (1963) program. ws, very very strong; vs, very strong; ms, medium strong; w, weak; mw, medium weak; vw, very weak; vvw, very very weak; Q strongest quartz line; M, mcconnellite lines.
3 Computed on hexagonal cell having a=2.984A, c=13.40A by Thamer and others (1957) who give slightly different d(calc). * Computed from a=2.9747±0.00014A, e=rl7.1015±0.0005A. 5 Computed from X-ray powder film 16794 (above, first column) using a and c of Dannhauser and Vaughan (1955) (see table 17 ) as initial parameters for the least squares analysis.
1957) studied the infrared absorption spectrum, finding that it had no resemblance to that of diaspore, A100H. Torokin and others (1968) have also formed grimaldiite by heating (synthetic) y-CrOOH to 340°-360°C at 300-350 atm pressure for 2 hr. With little change in water content (from 1.54 to 1.51 moles per mole Cr203 ) the color changes from emerald green to dirty violet, and the X-ray powder pattern changes from that given in table 18 to that (a-CrOOH) given in table 16. Grimaldiite was also formed directly by heating an ammoniacal chromium nitrate solution at 320 °C and 200 atm for 2hr. Groger (1912) appears to have been the first to synthesize rhombohedral CrOOCu by heating basic cupric chromite (CuCr204 ) for 6 hr at 1,000°C. Stroupe (1949) synthesized the compound in two other ways: first, by igniting cupric chromite >900° 2 CuCr204 > Cu2Cr204 (that is CrOOCu) + Cr203 +[0]; second, by heating equimolar cupric chromite and cupric oxide:
. Stroupe repeated Groger's synthesis but did not obtain usable single crystals; those he did obtain by his own methods afforded good single-crystal X-ray data as well as characteristic powder patterns (table 16) . Dannhauser and Vaughan (1955) determined the structure of CrOOCu and indicated its relation to delafossite FeOOCu. They reported that CrOOCu ("cuprous chromite") is rhombohedral, with apparent hexagonal symmetry arising from extensive twinning, the twins being related by 60° rotation about the hexagonal c axis. Their cell constants are comparable with data for the isostructural CrOOH (table 17) . These data are for the mcconnellite hexagonal lattice; for the primitive rhombohedral cell, the parameters are a = 5.9536±0.0002 A, « = 28°56.0' ±0.1'.
RELATION OF MCCONNELLITE TO DELAFOSSITE
The structural relationship of mcconnellite, CrOOCu, to delafossite, FeOOCu, indicated by Dannhauser and Vaughan (1955) appears to be questioned by the work of Buist and others (1966) , who found in an experimental study of the system Cu-Fe-0 no phase FeOOCu (delafossite), only one of composition given as 3Cu20-Fe3Oi. Moreover, with the X-ray diffraction patterns of natural delafossite from three localities, they give that of their 3Cu20-Fe304 ; the patterns are closely similar. However, the existence of 3Cu20-Fe304 was discredited by others. Yund and Kullerud (1964) determined equilibrium assemblages in the system Cu-Fe-0 at 800°C and below, finding delafossite CuFe02 and copper ferrite CuFe204 (a spinel) were the only ternary phases. Similarly, Wiedersich and others (1968) showed that from initial mixtures of Cu20 or CuO and Fe203, or of Cu20 and FeO or Fe304, only CuFe02 (delafossite) and sometimes a spinel phase formed; no mixture yielded a compound Cu6Fe307 (3Cu20-Fe304 ). Finally, the structural study of Douglass (1957) establishes the composition of mcconnellite (CrOOCu) as valid.
Mcconnellite, CrOOCu, is therefore, as suggested by Dannhauser and Vaughan (1955) , isostructural with delafossite, FeOOCu. Hey (1968) has analyzed natural delafossite from Nizhnii Tagil, U.S.S.R. (the type locality) and Kimberly, Nevada, confirming the accepted formula FeOOCu. He also observes that natural delafossite is clearly not a high-temperature phase, as it is often closely associated with kaolinite; this may be of interest with reference to the merumite mineralogy, including mcconnellite, with which another hydrous silicate, pyrophyllite, is commonly associated.
Both mcconnellite and grimaldiite are isostructural with CoOOH (heterogenite), MnOOH (feitknechtite), and NiOOH (synthetic), and with NaHF2 and CsICl2 (table 24) .
rCrOOH (SYNTHETIC)
Besides the three new natural polymorphs of CrOOH found in merumite, a fourth is known only as a synthetic product. It is termed y-CrOOH and is very probably isostructural with the common orthorhombic dipyramidal minerals boehmite (y-A100H), lepidocrocite (y-FeOOH), and synthetic y-ScOOH, whose cell constants are all given in table 19. Alario Franco and Sing (1972) refer to "green y-CrOOH" as "similar to boehmite." However, no single-crystal work has been done on y-CrOOH; Christensen (written commun., 1971) notes that "y-CrOOH is very difficult to prepare in the laboratory, so it is not so surprising that this form is not found in nature." Hund (1959) describes y-CrOOH as green, prepared by heating in an autoclave a solution of sodium chromate with sodium formate or sulfur (as reducing agents) for 10 hr at 250°-270°C. Hund also gives infrared absorption curves for the y forms of A100H, CrOOH, and FeOOH, further showing the isotypy.
SYNTHESIS
By reduction of sodium chromate with hydrogen, at 290°C, 140 atm pressure, for 2 hr, Torokin and others (1968) obtained an emerald-green hydrous oxide having 2.29 moles of H20 per one mole of Cr203. On further heating to 320°C, the water content decreased to 1.54 moles and at 340°-360°C, with slight loss of water content (to 1.51 moles), there was a color change to dirty violet, interpreted as an inversion from y-CrOOH to a-CrOOH (grimaldiite). The latter compound was also formed (from chromium nitrate solution and ammonia) at 320°, 200 atm for 2 hr. Torokin and others (1968) discuss y-CrOOH, giving powder data. Their data, with that of lepidocrocite (Rooksby, 1951) , are given in table 18. Their d spacings have been computed to give the cell constants of table 19; these have been used to index the pattern.
X-RAY POWDER DATA AND CELL CONSTANTS
CHROMIAN GAHNITE
PROPERTDZS
Violet octahedral crystals (plate 5, fig. 2 ) of chromian gahnite, Zn(Alo. 7Cro.3 ) 204, are frequently associated with grimaldiite-mcconnellite polycrystals but are inconspicuous because of their extremely small size (usually less than 0.02 mm) and similarity in color to the grimaldiite-mcconnellite. Optically, they are anisotropic and show marked complex twinning, opposite octants appearing to extinguish together. The index of refraction is about 1.915. The mineral gave excellent X-j~ay powder patterns. Ball mounts were used because too little material was available for standard spindles. The X-ray data are given in table 20. Table 15 gives a microspectrographic analysis of grimaldiite-mcconnellite containing 0.3 percent Zn; if this is assumed to be in the chromian gahnite, there would be nearly 1 percent of this mineral present in the sample, somewhat more than is usually observed. Figure 4 is a graph of unit cell edge plotted against compositions from 100 percent ZnAl204 to 100 percent ZnCr204 using the data of table 20. According to this graph the composition of the Guyana chromian gahnite is Zn(Alo.7Cr0.3) 204. This report Reichert and Yost, 1946 Rooksby, 1951 Milligan and McAtee, 1956 Auer-Welsbach and Seifert, 1962 
ELECTRON-PROBE ANALYSIS
A procedure for probe analysis was developed by E. J. Dwornik and H. J. Rose, Jr. using willemite and sphalerite as standards for zinc; pure alumina, synthetic MgAl2O4, and analyzed chromites as standards for aluminum; and analyzed chromite as standard for chromium. Synthesized spinels ranging in composition from ZnAl204 to ZnCr204 could not conveniently be used as reference standard because of extremely fine grain size and inhomogeneity, as exhibited in preliminary electron-probe intensity measurements and variations in luminescence under electron excitation. The probe was operated at 20 kv with a specimen current of 0.05 joamp.
An average composition (in percent) for 10 crystals, varying in size from 20-40 /*m, is ZnO, 46; A1203,30; and Cr203,25 ; all ±10 percent.
The composition computed (in percent) from unitcell data is ZnO, 41; A1203, 36; and Cr203, 23. Table 20 gives X-ray powder data for the chromian gahnite from Guyana and for related spinels.
X-RAY DATA
OTHER CHROMIAN GAHNITES AND ZINCIAN CHROMITES
Chromian spinels are usually black chromites, or colored spinels, having a small chromium content. The Guyana gahnite contains 23.4 percent Cr203, by far the highest percentage yet known. John L. Baum (written commun., 1969) reports minute reddishbrown octahedral chromium zinc spinel from the Sterling mine at Ogdensburg, N. J. Clifford Frondel (written commun., 1968) reports that microprobe analyses of these crystals showed more aluminum than chromium; they were dark green to brownish black in color.
In the Outokumpu mine, Finland, where eskolaite was found, there is a chromite with 5.8 percent ZnO (Thayer and others, 1964) . A chromite from Norway has 2.62 percent ZnO (Donath, 1931 ) and a chromite from Maryland contains 0.6 percent ZnO (Pearre and Heyl, 1960) . Seeliger and Miicke (1969) describe donathite as a tetragonal analog of ferrian chromite that contains up to 2.62 percent ZnO, is opaque, dark brown streak, strongly magnetic, having composition (Feo. 787Mgo. 137Zno.o76) (Cr0.642Fe0.35o S/
CHROMIAN PYROPHYLLITE
Pyrophyllite is almost as abundant an accessory mineral in merumite as is quartz, although, because of pyrophyllite's softness, it has never been observed on the naturally worn surface of merumite specimens, whereas quartz occasionally is. However, on breaking open a merumite specimen, radial aggregates of white, bluish-green, or sometimes yellowish-brown pyrophyllite, as much as 1-2 mm across, are often seen.
Two X-ray films, 178 and 305, the latter of the blue-green pyrophyllite, identify the mineral.
The chromium content of two selected greenish flakes was determined by X-ray fluorescence (E. J. Dwornik, analyst) as 2.2 percent and 2.6 percent Cr203 respectively; therefore, about a tenth of A1203 is replaced by Cr203.
Chromian pyrophyllite has also been reported from Salzburg, Austria (Meixner, 1961) , with about 1 percent Cr (=2.93 percent Cr203 ). Here it is found, associated with quartz and ankeritic carbonates, in a bleached zone around gersdorffite-bearing veins and is derived from hydrothermal alteration of sericite.
GOLD (AND SILVER) IN MERUMITE
Gold is present in merumite as irregularly subrounded grains, a few showing vague octahedral outlines, some as large as 0.05 cm but generally much smaller. The large merumite specimen having abundant grimaldiite-mcconnellite and quartz (plate 1, fig. 4 ) is especially rich; the gold content is estimated as over 10 oz/ton. The gold is bright yellow, indicating little silver, and shows no evidence of wear or attrition. It is believed to be a primary mineral, formed with the chromium mineralization following that of quartz.
Plate 3, figure 2 , shows gold in a polished section of merumite.
Several attempts were made to determine the gold content of selected merumite specimens. The results are given in table 3 and in table 21 . In summary, six samples of merumite were analyzed for gold and silver; gold was found in all, although some methods of analysis (spectrographic) did not reveal small amounts; silver accompanies the gold, although in a very small ratio, and did not exceed 1 ppm in samples with less than 4 ppm gold; in two samples gold was as high as 2 oz/ton and 23 oz/ton.
ACCESSORY MINERALS FROM DIRECTOR CREEK
A sample of White Sand Formation, about 0.8 km (0.5 mile) northeast of the Director Creek merumite deposit, contained a rather scanty assemblage of heavy minerals about 80 percent rutile, 10 percent zircon, also apatite, tourmaline, andalusite, and possibly, hypersthene and chromite. Chromite is a common though rather sparing detrital mineral elsewhere in the region. Hypersthene and andalusite occur characteristically downstream from dolerite intrusions.
The rutile is similar to that found with merumite; the zircon occurs in both well-rounded and prismatic pinkish-brown grains, the tourmaline in brown rounded grains, and the andalusite (pleochroic) in pink grains. The chromite(?) is in rounded, also octahedral, grains.
Overlying the merumite in Director Creek is a pinkish to red clayey soil with numerous quartz pebbles. Very little merumite was found in it, but what was found occurred with reddish mottled quartzite, some showing secondary quartz overgrowths, and friable quartz-hydromuscovite grains.
Below the merumite is about 0-3 m of reddish clayey and pebbly sand having much hydromuscovite and some pumiceous fragments; rutile, zircon, and tourmaline were present.
Besides quartz, rutile, zircon, and topaz, the pinkish sand from which the merumite is washed in the batelle contains, in much less quantity, tourmaline, staurolite, and spinel. The rutile is quite variable in color, from lead gray to reddish brown and mottled; some grains contain anatase. Many of the brown grains show a bipyramidal habit. The zircon, usually altered, is in anhedral grains, and shows anomalously low indices of refraction and birefringence. It varies from cream to pinkish in color. The topaz occurs in two varieties, both rather unusual; one is as rounded cream-colored grains, composed of a submicroscopic aggregate resembling chert (pi. 6), the other as reddish-white mottled grains in which a columnar-aggregate structure is rarely seen. The spinel is a yellowish to greenish gahnite, sometimes showing octahedral faces. Tourmaline-quartz fels occurs sparingly and staurolite very rarely. Table 22 gives the powder patterns of reddishbrown cryptocrystalline topaz from the batelle concentrate and a standard (XPDF 12-765) pattern of topaz (average of Brazilian, Mexican, and Utah topazes). Table 23 gives the chemical analyses of this topaz and of similar chert-like topaz from South Carolina (referred to below). The sample (2 mg) was fused with NaOH. and the solution from the fusion was used to determine AkOo and SiOa spectrophotometrically. AlaOa was determined with alizarin red S and SiOs as the molybdenum blue complex. The amount of F in the aliquot used for measurement of AhOs was below the interference level.
* The sample (approximately 25 mg) was fused with Na2COs and dissolved in perchloric acid; Ti was determined spectrophotometrically with Tiron.
5 The sample (100 mg) was heated at 110°C to constant weight to determine H2O. The sample was then mixed with twice its weight of freshly fused sodium tungstate, and +H:>O and total C were determined by igniting the sample at 900° C in a tube combustion furnace. The tube contained MgO in the packing to retain F. HaO and COa were absorbed and weighed. 6 F was determined by a specific ion-electrode procedure. Samples of 10 mg each were decomposed by fusinj? with NaaCOs-ZnO, and the F was leached with HsO. Measurement of F was made in a 0.5 M sodium citrate solution to prevent Al interference.
7 Specific gravity was determined using a specific gravity bottle and toluene as liquid.
Cryptocrystalline detrital topaz, either creamcolored or reddish, does not appear to have been previously noted elsewhere in Guyana and according to Dr. Leandert Krook of the Surinam Geological and Mining Service (written commun., 1970) , is unknown after many years of detrital-sediment study in Surinam. In both countries, however, the normal variety of topaz is a fairly common detrital mineral. Dr. D. Bleackley, of the Institute of Geological Sciences, London, notes that the cryptocrystalline topaz could well have been misidentified as gorceixite (written commun., 1969) .
In all observable respects, the cream-colored or reddish topaz resembles a cryptocrystalline topaz described by Pardee and others (1937) from quartz veins in the Brewer gold mine in South Carolina. This topaz contained the highest H20 (2.71 percent) and the lowest fluorine (13.23 percent) ever reported.
This cream-colored or reddish cryptocrystalline topaz appears to occur only with the merumite; it has not been found in the overlying local White Sand nor in the underlying altered volcanic ash. Clear transparent well-crystallized topaz is found else- Dixon (1957) states that a report on merumite by Smith Bracewell to the Hon. Colonial Secretary, September 17, 1945, referred to the "abundance of gorceixite." Gorceixite, however, is known to occur elsewhere in Guyana.
CRYSTALLOGRAPHIC RELATIONSHIPS OF CrOOH COMPOUNDS
As already mentioned, the three mineral polymorphs of CrOOH, guyanaite, bracewellite, grimaldiite, and the fourth, an artificial compound not known as a mineral, have interesting crystallographic relationships to other metallic oxyhydroxides with composition ROOH. These relationships are indicated in table 24, which is an amplification of data in . 
